Endogenous protein phosphorylation was studied in extracts of hamster fibroblasts infected with pseudorabies virus. The major phosphorylation was detected quite late in infection and involved an acidic protein of Mr 62000. It was catalysed by an enzyme activity with the properties of cellular casein kinase II. Two-dimensional gel analysis was used to demonstrate that this same protein was also phosphorylated in vivo. The phosphoprotein was detected in mature virions and is most likely viral in origin.
The importance of protein phosphorylation as a regulatory mechanism has led us to attempt to identify the protein kinases involved in the new protein phosphorylations that occur in cells infected with herpes viruses. Such phosphorylations may involve either cellular or viral substrates and be catalysed by a newly synthesized viral protein kinase Purves et al., 1986; McGeoch & Davison, 1986) , by a newly activated cellular protein kinase (T. Jakubowicz and D. P. Leader, unpublished observation, discussed in Katan et al., 1986) , or by pre-existing active cellular protein kinases . We report here a new example in the latter category.
In much of our previous work we have employed purified protein kinases and substrates. Simpler, less fractionated, systems have provided a valuable complement to such reconstructed systems in other studies of protein phosphorylation, and this is the approach adopted in the present work. The cultivation and infection of BHK-21/C 13 cells with pseudorabies virus (PRV) at 20 p.f.u./cell was as described previously (Purves et aL, 1986) . After harvesting, cells were suspended at 0 °C in an equal volume of a buffer containing 7-5 mM-MgCI2, 10 mM-2-mercaptoethanol, 10mM-EGTA, 40gg/ml phenylmethylsulphonyl fluoride and 40mM-flglycerophosphate pH 7.3. They were homogenized in a Teflon/glass homogenizer, clarified by centrifugation for 15 min at 3000 g, and the supernatant subjected to ultracentrifugation for 1.5 h at 165 000 g in the Ti50 rotor of a Beckman ultracentrifuge. The supernatant was generally assayed immediately, although extracts stored at -70 °C maintained the particular activities described here.
When such extracts from BHK-21/C13 cells, infected with PRV for different times, were incubated with [7-32p] ATP, the most striking observation was the phosphorylation of a protein of 62000 Mr (hereafter referred to as pp6'2), relatively late in infection (Fig. 1) . The characteristics of the endogenous activity catalysing this phosphorylation resembled those of cellular casein kinase II (Hathaway & Traugh, 1982; Stevely et al., 1985) . Thus, the phosphorylation was inhibited by low concentrations of heparin, but proceeded unimpaired when GTP replaced ATP, or when N-ethylmaleimide was included in the reaction mixture (Fig.  2) . Neither the cyclic AMP-dependent protein kinase nor the virus-induced protein kinase contributed to the phosphorytation. Thus, the phosphorylation of pp62, was The reaction mixture contained, in a total volume of 0.1 ml, 50 mM-MOPS pH 7.3, 5 mM-MgC12, 1 mM-dithiothreitol, 0.05 mM-ATP containing 1 ~tCi [7-32p]ATP and 0.03 ml extract (prepared as described in the text). Incubation was at 30 °C for 30 min, after which time the sample was subjected to polyacrylamide gel electrophoresis in SDS (Purves et al., 1986 ). An autoradiograph is shown with the position of pp62 indicated by an arrow. not decreased by the heat-stable inhibitor of the former enzyme but was completely abolished by the high ionic strength at which the latter enzyme is still active (Fig. 2) .
These results suggested the phosphorylation of a virus-induced protein catalysed by preexisting casein kinase II. Consistent with this interpretation we found that when extracts from infected cells had been inactivated by heating at 85 °C, pp62 was phosphorylated following the addition of unheated extracts from uninfected cells (Fig. 3) . Exogenous purified casein kinase II also catalysed the phosphorylation, whereas purified cyclic AMP-dependent protein kinase had no effect (Fig. 3) .
The extract of infected cells in which pp62 was detected was cytoplasmic; nuclei (and any virions present early in infection) having been removed by centrifugation. Nevertheless the extent of the labelling (e.g. in comparison with known amounts of ribosomes added in other unpublished experiments) implied an abundance indicative of a structural viral protein. We Fig. 3 . Effect of exogenous protein kinase activities on the phosphorylation of pp62 in heat-inactivated extracts of BHK-21/C 13 cells infected for 8 h with PRV, or in purified PRV virions. Conditions were as for Fig. 1 but employed either extracts from infected cells (lanes 1 and 9), extracts from infected cells in which the extract had been incubated for 5 min at 85 °C just before assay (lanes 2 to 5), extracts from uninfected cells (lanes 3, 6 and 10), purified virions (lane 10), or purified virions that had been incubated for 5 min at 85 °C just before assay (lane 11). In certain cases either the pure catalytic subunit of the cyclic AMP-dependent protein kinase (lanes 4 and 7) or highly purified casein kinase II (lanes 5 and 8) were included. therefore examined the phosphorylation of PRV virions, prepared and assayed as in our previous work , and found the phosphorylation of a 62K viral protein was catalysed both by endogenous protein kinase(s) (Fig. 3, lane 10 ) and by uninfected cell extracts added to heat-inactivated virions (Fig. 3, lane 11) . We cannot explain why phosphorylation of pp62 was not detected in our earlier work, where only the major 115K virion phosphoprotein was seen , but this present result has been obtained with several different preparations of highly purified virions.
It was important to determine whether pp62 was also phosphorylated during viral infection in vivo. Two-dimensional gel analysis by the procedure of O'Farrell (1975) showed that pp62 phosphorylated in vitro migrated to a characteristic position indicative of a very low isoelectric point (Fig. 4c) ; and that in infected cells (Fig. 4b) , but not in uninfected cells (Fig. 4a) , a phosphoprotein labelled with 3zp in vivo migrated to a very similar position. Inspection of Fig.  4 (b) reveals a number of other proteins phosphorylated at least as extensively as pp62 in vivo, so it may seem surprising that no other phosphorylations of comparable magnitude were seen in vitro (Fig. 1) . The explanation for this may be that the phosphorylation of these other proteins is catalysed by a particularly labile protein kinase, or one for which the effector (e.g. Ca 2+) had been excluded from the extract.
Our results suggest that pp62 may be a viral structural protein, perhaps corresponding to the virion phosphoprotein of similar apparent Mr mentioned by Ben-Porat & Kaplan (1985) . We have no information regarding the function of this protein. Although it may be tempting to make comparisons with certain well characterized phosphoproteins of other herpesviruses, our inability to detect a phosphoprotein of comparable abundance to pp62 in extracts of BHK cells infected with herpes simplex virus type 1 (T. Jakubowicz & D. P. Leader, unpublished observation) restrains us from doing this. Further characterization of pp62 requires its purification, and this should be greatly facilitated by its ease of detection as a substrate for casein kinase II. 
